The immediate Solar neighborhood should be a fair sample of the local Galaxy. However, the chemical abundance distribution of long-lived disk stars very near the Sun contains a factor of five to ten more metal-poor stars, −1 < ∼ [Fe/H] < ∼ − 0.4 dex, than is consistent with modern star-count models of larger scale Galactic structure. The metallicity distribution of complete samples of long-lived stars has long been recognised as providing unique constraints on the early stages of chemical evolution of the Galaxy, so that one would like to resolve this anomaly. We present a new derivation of the local G-dwarf metallicity distribution, based on the Third Gliese catalog combined with Olsen's (1983) Strömgren photometry. Kinematic data for these same stars, as well as for a high-precision sample studied by Edvardsson et al. (1993) , provide clear evidence that the abundance distribution below [Fe/H]∼ −0.4 contains two over-lapping distributions, the thick disk and the thin disk. However these samples in isolation do not allow a reliable deconvolution of the relative numbers in each population. We achieve this by comparing the local metallicity distribution with a recent determination (Gilmore, Wyse & Jones 1995) of the metallicity distribution of stars, selected with the same evolutionary criteria as applied to our nearby star sample, but found in situ some 1500pc from the Sun. The gravitational sieve of the Galactic potential acts on this second sample to segregate the low velocity dispersion, thin-disk, component of the local sample, leaving predominantly the second, higher velocity dispersion component. Thus the two samples are complementary, with the local sample providing accurate data primarily for the thin disk, but weak thin-disk/thick-disk discrimination, and the distant sample providing excellent thick-disk/thin-disk segregation.
INTRODUCTION
The metallicity distribution of complete samples of long-lived stars has long been recognised as providing unique constraints on the early stages of chemical evolution of the Galaxy. The main sequence lifetime of F/G dwarf stars can be greater than the age of the Galaxy and hence such stars provide a complete record of the chemical evolutionary history (cf. van den Bergh 1962; Schmidt 1963; Pagel and Patchett 1975) . Pioneering studies focussed on the only reasonably-complete sample available, which is that for stars in the immediate solar neighborhood; in effect stars within about 20pc of the Sun. Until very recently, kinematic data were considered only as a means to quantify, and to correct for, biases in the sample used to derive the chemical abundance distributions. It is now appreciated however that the combination of chemical abundance and kinematic data is a substantially more powerful determinant of Galactic evolution than is either distribution considered in isolation. It is an improved determination of that bivariate distribution function, and its analysis, which is the theme of this paper.
The abundance data which have been available for the complete sample of local stars, until now, have been derived from broad-band photometric estimates, primarily using the 'ultra-violet excess' (Sandage 1969) , derived in practice from somewhat heterogeneous UBV photometric data. The 'G-Dwarf Problem' was identified when these data were compared with the predictions of the Simple, Closed-Box model of chemical evolution, and has been characterised as 'the deficit of metal-poor stars in the solar neighborhood relative to the one-zone model of Galactic chemical evolution' (Pagel 1989) .
The Simple, Closed-Box model has the virtue of analytic simplicity, and has the vice of being based upon physical assumptions that are inappropriate for a disk galaxy.
It is somewhat of a 'straw man' model, easily knocked down, involving as it does several stringent assumptions. The assumptions inherent in this model are that: 4 i) the system under study has zero metallicity initially;
ii) the system is homogeneous at all times, i.e. there is no intrinsic scatter in the chemical enrichment of the interstellar medium, and specifically a unique correspondence between time and metallicity; iii) the system has a constant stellar Initial Mass Function (IMF); iv) the system has constant total mass at all times, i.e. flows of material do not occur; v) the Instantaneous Recycling Approximation is valid for nucleosynthesis products.
Lifting any (or all!) of these assumptions can provide for a very different metallicity distribution for long-lived stars. As we discuss further below, gas flows and spatial and temporal inhomogeneities in the interstellar medium are a natural feature of real disk galaxies. Even were the Simple Model predictions to fit some observational dataset, its inherent implausibility means that it is more likely that several compensating effects had generated this agreement by chance, rather than that the underlying physical processes corresponded to all the assumptions above. The important strength of the Simple Model lies in its ability to provide a convenient parameterization of the extent to which its assumptions fail, rather than in its ability to describe a dataset.
Chemical evolution models have been plagued with a myriad of assumptions and parameters, which leads to a lack of uniqueness (Tosi 1988) . In order to improve one's understanding of Galactic evolution, one must consider the plausibility of the physics behind the model assumptions, and subject the model to a range of observational tests. Many of the simplest, single-parameter, adjustments to the Simple Model can be excluded by considering the totality of relevant data. For example, allowing the IMF to vary with time, as first discussed by Truran and Cameron (1971) in the context of prompt initial enrichment, is in conflict with the element ratio data which are now available for metallicities spanning −3 dex to above solar (Nissen et al. 1994) . Similarly, one cannot posit 'pre-enrichment' as a solution to the G-dwarf problem without identifying a plausible source: stellar evolution in the stellar halo does not suffice (Hartwick 1976) . It is clear, however, that detailed analysis of local chemical abundance data does provide important constraints on Galactic evolution, and is a worthwhile exercise.
The primary limitation of the nearby star sample utilised in studies of the local chemical abundance distribution is its small size. This inevitably means that stars which are either intrinsically rare -such as halo population subdwarfs -or stars which are common in the Galaxy as a whole, but whose spatial distribution and kinematics are such that their local volume density is small -such as thick disk stars -are poorly represented. Most recent and current efforts to extend present volume-limited samples to include minority populations have, for practical observational reasons, utilized kinematically-defined samples of stars observed in the solar neighborhood. Subsequent correction for the kinematic biases inherent in these samples requires careful modelling (cf. Norris and Ryan 1991; Ryan and Norris 1993; Aguilar et al. 1995) . An in situ sample, truly representative of the dominant stellar population far from the Sun, is required before one can be confident that these large, and model-dependent, corrections to local samples are reliable.
We have recently determined the (spectroscopic) iron abundance distribution for a sample of F/G stars in situ 1-5 kpc from the Galactic Plane . These data provide the volume-complete metallicity distribution at z > ∼ 1 kpc which is complementary to local samples, and which allows a quantitative assessment of the reliability of corrections to solar neighborhood samples to account for their inherent kinematics biases, and of the statistical validity of the local sample. Combined with the local sample, these new data provide a powerful test of the integrated chemical evolution and star formation history of the local Milky Way.
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As discussed below, recent determinations of the Solar neighborhood abundance distribution have isolated (but not noted) an anomaly: while the derived distribution of chemical abundances for long-lived stars in a column through the Galactic disk at the Sun has reinforced the reality of the deficit of metal-poor stars, relative to Simple Model expectations, it has also derived a fraction of metal-poor stars which is a factor of nearly an order of magnitude too high for consistency with star-count models which explain data for distant stars. Typical star-count models derive a local ratio of thick disk to thin disk stars which is a few percent (e.g. reviews by Gilmore, Wyse and Kuijken 1989; Gilmore 1990; Majewski 1993) . Kinematic studies (Carney, Latham and Laird 1989; Freeman 1991; Edvardsson et al. 1993) suggest the thick disk becomes apparent at abundances below Sommer-Larsen 1991). Thus, the local abundance distribution for disk stars apparently contains too many 'thick disk' stars to be consistent with other, well-established, analyses of Galactic structure. We quantify and resolve this discrepancy in this study.
The present paper builds upon previous work deciphering the chemical evolution of the Galactic disk. We provide a new determination of the solar-neighborhood metallicity distribution, derived from high-precision, intermediate-band photometry of long-lived stars. We compare this distribution with our data for distant F/G dwarfs, scaled down to the Galactic plane, and combine these two datasets. We use the joint distribution to derive the abundance distribution of metal-poor thin disk stars, showing this is consistent with the distribution required by star count models. We then deduce the constraints on the formation of the thick disk, and the early evolution of the thin disk, which follow from this deconvolution.
2. THE SOLAR NEIGHBORHOOD G-DWARF METALLICITY DISTRIBUTION

Previous Determinations
Previous analyses have shown the power, and limitations, of local samples of F/G dwarfs in constraining the chemical evolution of the disk. The sample of Pagel and Patchett (1975) is the most often utilised. This consists of G-stars drawn from various catalogs, the complete sample (to distances of 25pc) being 133 stars from the RGO catalog of nearby stars, with metallicities derived from UV excess. The derived metallicity distribution of the 'solar cylinder' -that volume of unit circular cross-section centered on the Sun's position and extended vertically through the extent of the disk -is taken from their Figure 6 and shown here in Figure 1 (a). Note that only the binned data were published by Pagel and Patchett, and that those presented here are uncorrected for observational error and/or intrinsic scatter. The use of UV excess provides only rather inaccurate metallicity estimates (denoted [Fe/H] δ ); Norris and Ryan (1989) derive a typical error of 0.45 dex for metallicities estimated with this technique, at least for their sample of interest, with [Fe/H] δ < −0.4 dex. Thus, the resulting abundance distribution will be substantially broadened, by measurement uncertainties, relative to the true underlying distribution. Since the width of the predicted distribution function is one of the characteristic differences between the simple model and more realistic models, such as those involving flows (e.g. Edmunds 1990) or inhomogeneities even in a closed system (e.g. Tinsley 1975) , the precision of the abundance calibration is of major importance. Pagel and Patchett adopted a broadening of only 0.2 dex for the combination of measurement uncertainty and intrinsic scatter.
In an extension of his earlier work, Pagel (1989) adopted a re-calibration of the relationship between [Fe/H] and UV excess due to Cameron (1985) . From the same photometric data as his earlier work, he derived the metallicity distribution shown in Figure   1 (b) . In addition to the considerable random uncertainties from the UV excess abundance 8 calibration, Cameron's calibration is systematically
for given UV excess, than the more widely-used calibration of Carney (1979) . Despite the large scatter referred to above, Norris and Ryan (1989) found no systematic offset between [Fe/H] δ based on the Carney calibration and their spectroscopically-determined metallicities. Again, their sample was limited to stars with [Fe/H] δ < −0.4 dex, but it is just these stars which are of greatest interest for the solar cylinder G-dwarf metallicity distribution.
The metallicity distributions reproduced in Figures 1a,b are not in fact those obtained directly from the photometric data for the local sample, but are for the 'solar cylinder' and have been weighted (by Pagel) to attempt to take account of the kinematic bias introduced by the solar neighborhood selection -high velocity stars, which spend only a small fraction of their orbit in the vicinity of the Sun will be under-represented. In the simplest picture of disk structure and evolution there are no radial flows, or gradients in either density or kinematics, and an integrated history of the disk is obtained by study of the stars in unit area of the plane, rather than unit volume. If density profile data were available, then one could simply integrate. However, such data were not available until the mid 1980s, so Pagel (following Schmidt 1963) weighted the input binned metallicities by the mean vertical velocity of stars in that bin. However, this correction is only appropriate for motion in a harmonic potential (constant period for all orbits), which corresponds to a constant density distribution of gravitating material. While this may be a reasonable approximation for low-velocity stars that do not penetrate much beyond a disk scale height, it is a rather poor approximation for just those high-velocity stars for which the weighting is most important. In particular, the thick disk and halo remain under-represented (cf. Gilmore and Wyse 1986; Gilmore 1990 ).
Sommer-Larsen (1991; see also Sommer-Larsen and Antonuccio-Delugo 1993) followed Pagel's (1989) sample selection and UV-excess calibration, and so analysed the same basic metallicity distribution. Again, they followed Pagel (1989) in recognising that the photometrically-determined metallicity correlated most strongly with the iron abundance, which is perhaps the element least likely to be well-described by the Instantaneous Recycling Approximation, inherent in the chemical evolution models that are most often compared with the metallicity distributions, given that Type Ia supernovae are an important site for iron synthesis. Rather than calculating predictions from more realistic chemical evolution models, Sommer-Larsen instead adopted a mean relationship between oxygen, produced predominately in massive stars by Type II supernovae, and iron, and transformed the photometric metallicity/iron distributions into 'oxygen' distributions. It is now clear from the Edvardsson et al. (1993) data that the relationship between oxygen and iron varies as a function of radius in the Galaxy, as expected if the star formation rate in the galactic disk varies as a function of radius, being higher in the central regions (cf. Wyse 1995) . The adoption of a single-valued relationship introduces uncertainties of perhaps 0.2 dex for the more metal-poor stars in the sample. We here have reverse-transformed the oxygen abundance distributions of Sommer-Larsen (1991) back to photometric-metallicity distributions. Sommer-Larsen (1991) improved upon the harmonic potential weighting by calculating the potential of a self-gravitating disk that had the observed stellar-density profile of Kuijken and Gilmore (1989) . This provides more weight to the 'hotter' metal-poor stars, and results in the metallicity distribution shown in Figure 1 (c).
We return to discussion of the appropriate distribution of chemical abundances to describe the Solar neighborhood below. However, we note here that the fractions of stars more metal poor than −0.4 dex, where thick disk kinematics are apparent (see below), in these weighted distributions are approximately 25% (Pagel and Patchett), 40% (Pagel) , and 50% (Sommer-Larsen). Were this to be taken as an estimate of the relative mass of the thick disk to that of the thin disk, one would conclude that the thick disk is of order the same mass as the thin disk. As we discuss below, this would be somewhat difficult to understand in the light of star count analyses and in situ studies of the thick disk.
A New Determination -Sample Selection
Photometric catalogs of nearby stars have progressed substantially in both precision and reliability in the almost 20 years since Pagel and Patchett obtained their chemical abundance distribution function. Intermediate-band Strömgren photometry provides a more accurate estimation of the metallicity of a F/G star than does the broad-band colorbased UV-excess, and is now available for many nearby stars. The sample of long-lived, main-sequence stars in the immediate solar neighborhood, for which carefully checked data are given in the current version of the Gliese catalog, has been extended from the distance limit of about 20pc, available at the time of the Pagel and Patchett study, to distances of about 30pc. As such, the Gliese catalog provides the ideal local sample, superseding the RGO catalog. Hence we combined the most reliable census of nearby stars with the most precise photometric data, by cross-correlating the Third Gliese catalog (Nearby Stars 3, obtained from NSSDCA) with the uvby(β) photometry catalog of Olsen (1983; also obtained from NSSDCA). Both catalogs were searched to identify all single, normal stars (no white dwarfs) with V ≤ 9; 0.4 ≤ B − V < 0.9, which appeared in both.
This produced 128 stars; one which is known to have an erroneous parallax tabulated was immediately deleted (HD 140283; see Gilmore, Edvardsson and Nissen 1991) , leaving a sample of 127 F/G dwarfs. For comparison, the sample of Pagel and Patchett, and later authors, contained 133 stars with data from heterogeneous sources.
Metallicity Estimator
The most precise and reliable metallicity indicator which is available for essentially the whole sample of nearby stars is the relationship between [Fe/H] and Strömgren photometric index (b − y). We have adopted the calibration of this photometric metallicity estimator due to Schuster and Nissen (1989a) . This estimator, [Me/H] Applying the Schuster and Nissen calibration to the F/G star sample extracted from the Gliese catalog provides the metallicity estimates given in Table 1 , which also contains the necessary photometric data for the stars. The addition of the Sun brings the sample to 128 stars and results in the metallicity distribution shown as a histogram in Figure 3 .
Isolation of Potentially Long-Lived Stars
In order for the metallicity distribution function to be an unbiased description of the chemical history, the sample must be restricted to include only those stars which have both masses and metallicities such that any star ever formed, which has those parameters, is still on the main sequence today. If this restriction were not applied, then some parts of age-metallicity space would be excluded from measurement, potentially distorting the resulting metallicity distribution function. It should be emphasized that the selection of a restricted range of spectral types does not achieve this, due to metallicity-dependent evolutionary times. Spectral types in the absence of metallicity data are not a sufficiently good indicator of mass, or of main-sequence lifetimes.
An estimate of the age of the disk, based on (VandenBerg) stellar evolution models, is available from the data of Edvardsson et al. (1993) . This sample of 189 stars was drawn from the Olsen local sample and was designed to cover the metallicity range above onetenth of solar uniformly; thus there should be no kinematic-metallicity bias. As discussed in some detail by Freeman (1991) , the kinematic thin disk/thick disk transition in that sample occurs fairly abruptly at 12Gyr, which may be taken as a minimum age for the 14 thin disk. ♣ Thus the evolutionary selection was effected by removing stars which had a potential main-sequence lifetime less than 12Gyr, according to the VandenBerg and Bell (1985) isochrones (Y=0.20), the VandenBerg (1985) isochrones (Y=0.25) and the VandenBerg and Laskarides (1987) isochrones. Colors for models of solar metallicity and above were initially obtained by interpolation in Table 1 of VandenBerg and Bell (1985) , using the effective temperature and gravity of turnoff stars from VandenBerg (1985; solar metallicity) and from VandenBerg and Laskarides (1987; three times solar metallicity).
Interpolation in this Table predicts a solar color of (b − y) ⊙ = 0.388, to be compared with a measured color of (b − y) ⊙ ≃ 0.405 ± 0.002 (Saxner and Hammarbäck 1985, Magain 1987) . We took this difference in solar color as a zero-point color offset, and thus adjusted the interpolated (b − y) colors by adding 0.017 (cf. Schuster and Nissen 1989b) . Note that there is no agreement in the zero-point of the theoretical models in c 1 with the present data. Fortunately for our purposes we need to use only the (b − y) color information, as only the turnoff temperature is required and we have metallicity data. The adjusted turnoff (b −y) colors obtained this way are given in Table 2 , for convenience. These models show an increasing, and probably over-estimated, sensitivity of (b − y) to metallicity, with increasing metallicity. In particular, the large increase in (b − y) based on the VandenBerg and Laskarides models of above solar metallicity does not agree with the trend predicted by the observationally-calibrated model atmospheres of Edvardsson et al. (1993) . This latter
.026 mag/dex, for stars with iron abundance in the ♣ Note that the Edvardsson et al. data show no evidence for an age gap between the thick disk and the thin disk, either in the direct age estimates, or in the element ratios (see Wyse (1995) for further discussion of this point). The data of Marquez and Schuster (1994) also show considerable overlap in age between the halo and thick disk, with a continuous age distribution, into the thin disk.
range from solar metallicity to +0.17 dex. It should be noted that since the VandenBerg (1985) isochrones have a 1M ⊙ star of solar metallicity at the turnoff after only 9Gyr, the 12Gyr turnoff color for this metallicity should be at least as red as the Sun, lending credibility to the interpolated value for solar metallicity obtained here. Accepting the solar metallicity 12 Gyr turnoff parameters based on the 1985 VandenBerg models, then the Edvardsson et al. trend predicts that the 12 Gyr turnoff color for a population of metallicity equal to +0.5 dex should be (b − y) +0.5 = 0.419. This is also given for convenience in Table   2 . The excluded stars from the Gliese catalog, which total 36 (plus the Sun), are indicated as such in Table 1 by a 'yes' in the column headed 'rejected?'. The sample remaining after this pruning, which totals 91 stars, has the color distribution shown in Figure 4 (b). The metallicity histogram corresponding to this 'G-dwarf' sample, is given in Figure 5 . This is our final metallicity distribution of long-lived stars observed in the solar neighborhood. This distribution will be combined with our metallicity distribution for longlived stars in situ several kiloparsecs below the Galactic plane in the following sections.
Given that our main scientific conclusions will be based upon comparing observations with observations, rather than comparing observations with precise theoretical predictions, we will not attempt any deconvolution of observational uncertainties from our metallicity distributions. Indeed, below we will rather re-bin the local sample to match the (larger)
uncertainties of the in situ data, ∼ 0.2 dex.
A comparison of the distributions in Figures It should also be noted that even the VandenBerg (adjusted) 12Gyr turnoff for a stellar population of three times solar metallicity, (b − y) = 0.513, is bluer than the red limit of the data, (b − y) = 0.528; this means that old, metal-rich stars have not been excluded by our selection procedures. This was not known to be the case for previous samples.
What Stars Have We Isolated?
The sample whose chemical abundance distribution we have obtained will be a mix of all the stellar populations that are represented in the solar neighborhood -effectively, the thick and thin disks. Kinematics are usually invoked to determine the boundary of the thick disk/thin disk transition. As exemplified by the analysis of Freeman (1991; 1994) , the vertical velocity distribution of the Edvardsson et al. sample (which has no kinematicmetallicity bias) can be described by essentially two numbers -< |W| > approximately constant at 19kms −1 for thin-disk stars, and < |W| > ≃ 42kms −1 for thick-disk stars.
The value for the thin-disk stars is generally understood as reflecting the saturation of the disk-heating mechanism by scatterers confined to the disk plane (e.g. Lacey 1991).
Freeman assigns age ranges to these kinematics, but one can also look at metallicity ranges.
Following his approach, Figure derived from star count models, which reproduce the number of stars in situ some 1-2 kpc from the Galactic plane, using a (highly correlated) combination of a scale height and a local volume density, expressed as the ratio of thick disk to thin disk stars. Typical starcount models provide estimates of this local ratio of thick-disk to thin-disk stars of between ∼ 2% and ∼ 10%, with the most recent models being in the middle of this range (Gilmore, Wyse and Kuijken 1989; Majewski 1993; Ojha et al. 1994 and references therein) . That is, with this metallicity identification of the thick disk, which is apparently consistent with kinematic data, there is an apparent overdensity of thick disk stars in the local sample here by a factor of about 5. Thus there is a serious failing of at least one of the star-count models, the bivariate definition of the boundary between the thick and the thin disks, or of the assumption that the thick disk -thin disk boundary is discontinuous.
The star count models are sufficiently successful that the possibility they are in error by the required magnitude can be excluded The bivariate kinematics-chemistry determination of the onset of the thick disk is justified above. Thus we must deduce that there is a substantial overlap between the thick disk and the thin disk. That is, the onset of the thick disk, as evidenced in the rapid change in vertical velocity distribution ( Figure   7 ) at a metallicity of [Fe/H] ∼ −0.4, does not correspond to the end of the thin disk.
This interpretation requires that the vertical velocity distribution function for these lower metallicity stars is not a single Gaussian.
The composite nature of the velocity distribution is confirmed in Figure 8a Table 1 ; we note that there is only one metal-poor star -HD100004 -that was rejected from our potentially long-lived sample and which is in this complete sample). Figure 7 . We achieve the deconvolution of the thick-disk and thin-disk metallicity distributions in section 3 below, by combining distant and local data.
The fact that thin-disk stars are significant, if not dominant, contributors to the metallicity distribution at [Fe/H] ∼ −0.6, around the peak of the thick disk metallicity distribution, results from the much higher local normalisation of thin disk stars. As discussed by Gilmore and Wyse (1985) , the old thin disk has a characteristic value in its metallicity distribution of [Fe/H] ∼ −0.25, and a width which may be characterized crudely by a Gaussian of dispersion 0.2 dex. This combination of a higher local normalization and a peak at a metallicity which is only as far as the spread of its distribution from the maximum of the thick disk distribution, means that a large part of the metal-poor local stellar populations are members of the thin disk. We return to this point in section 3.2 below.
THE SOLAR CYLINDER G-DWARF METALLICITY DISTRIBUTION
We have identified above a reliable and volume-complete, though small, local sample of potentially long-lived stars. We recall that any such sample in the Plane may undersample high velocity dispersion components of the disks, and so should be corrected accordingly. Conversion of this sample into a fair estimator of the local time-integrated chemical abundance distribution requires that this sample be corrected from volume to surface density. The simplest models of galaxy evolution assume there is no radial re-arrangement of chemically-enriched material, with vertical and radial kinematics decoupled, so that one should integrate in a column perpendicular to the disk. This may be achieved either by kinematic weighting of a local sample, or by interpolating between a local and a similar distant in situ sample. This second approach, achieved for the first time in this paper, has the additional benefit that the comparison may be used to estimate more reliably than was possible above the relative contributions of low velocity dispersion (thin disk) and high velocity dispersion (thick disk) stars to the metal poor stellar distribution. We address both options in this section.
Kinematic Weighting of the Local Sample
We now attempt to define a representative metallicity distribution function from our local stellar sample using a kinematic-dependent weighting. This is to correct for the fact that the probability of observing a star on a given orbit while it is in the solar 21 neighborhood depends on the fraction of the orbit that the star spends there. It also provides for the transformation of volume densities to surface densities, leading to the iron abundance distribution integrated through the solar cylinder. The correction factor is the inverse of the fraction of an orbit that a star spends traversing the disk, and thus is proportional to the product of the vertical speed passing through the plane, |W z=0 |, and the vertical oscillation period for that star's orbit. The vertical period should be calculated from the measured vertical potential gradient of the Galactic disk rather than from an harmonic potential approximation (which has constant vertical period). Figure   9 shows the relation betweeen oscillation period and vertical speed that results from the vertical force law derived by Kuijken and Gilmore (1989) . This was adopted here.
In principle the correction could be done on a star-by-star basis, using the space motions in the Gliese catalog. However, the small sample size, 91 stars after pruning, leaves this procedure susceptible to sampling errors. A more robust weighting is that derived from the best available estimator of the true vertical velocity dispersion appropriate for a specific abundance range, provided that one knows reliably the relative fractions of stars in that specific abundance range which are thin disk and thick disk. As emphasised earlier, this information is not available a priori. Thus weightings of this type are inherently unreliable.
However, to compare with previous analyses we go through such a weighting exercise here.
The vertical velocity dispersion as a function of iron abundance for the Gliese catalog sample -both the 'raw' sample and that obtained subsequent to pruning of potentially short-lived stars -together with that of the local F/G star sample of Edvardsson et al. from adopting a value of −0.5 dex for the transition metallicity, and serves as an estimate of the uncertainty introduced by this approach. These smooth relationships wer used to assign a velocity dispersion to each metallicity bin of the present sample, rebinned into 0.2 dex wide bins. The kinematic correction were thus effected by weighting the binned data (after evolutionary corrections) by the product of the vertical velocity dispersion of that bin, times the extra factor due to the period lengthening in a non-harmonic potential (from Figure 9 ), adopting the velocity dispersion as the estimator for the relevant mean vertical speed; this is justified for relative weighting. ♥ The resulting metallicity distribution was then re-normalised to the same number of stars, for convenience. This procedure resulted in the metallicity distribution of Figure 11 , where the solid and dashed histograms correspond to the adopted kinematics in the weighting scheme indicated by the solid and dashed curves in Figure 10 . One should remember that the kinematic weighting assumes that all stars more metal-poor than −0.4 dex (or −0.5 dex) belong to a single population, with kinematics characterized by a simple, single Gaussian; this is a dubious assumption.
The metallicity distributions of Figure 11 do not differ radically from earlier determinations. There are somewhat fewer stars below [Fe/H] ∼ −0.7 dex than have the distributions resulting from Cameron's (1985) UV excess calibration from broadband UBV photometry (Pagel 1989 and Sommer-Larsen 1991); as we have noted this metallicity calibration provides systematically lower [Fe/H] estimates than e.g. that of Carney (1979) , while the larger errors of the UV excess technique will broaden the distribution. After weighting, the present sample has relatively fewer stars above solar metallicity than does ♥ Note also that using our procedure with the adopted velocity dispersions of SommerLarsen (1991) resulted in a weighting factor that is numerically equal (to within a few percent) to that obtained by Sommer-Larsen by his more indirect technique.
either of the Pagel distributions, but is similar to that of Sommer-Larsen. The fraction of stars more metal-poor than −0.4 dex is approximately 45%.
For interest, to compare with previous results, we show in Figure 12 (a) these same distributions, with an overlaid Simple Model of yield 0.7 solar abundance, and evolved to a gas fraction of 0.25, as appropriate for the local disk ). While the model could not be described as providing an excellent dscription of the data, the discrepancies are not overwhelming. As we emphasise below, however, we explicitly do not suggest that this model is a viable representation of these data, nor that the distribution function of Figure 12 (a) is that appropriate to the local Galactic disk. Indeed, the possible traps for the unwary may be illustrated by, following Pagel (1989) 
1993). Using this to transform an iron distribution into an oxygen distribution simply
squashes the metallicity scale of the observations. The resulting distribution and Simple
Model are shown in Figure 12b ; it is much clearer now that the Simple Model distribution is significantly wider than the observations. ♦ ♦ It should be noted that the gas fraction appropriate to the solar circle, 0.25, is rather higher than had been adopted in the past; this larger value results in the truncation of the model evolution at metallicities below the extent of the data, for yields that approximate the location of the peak in the observational data. The main input parameters to the local gas fraction whose values have been re-estimated recently are the actual gas surface 24
Comparison to the in situ Sample
Gilmore, Adopted vertical scale heights were 4000pc for the halo, 1000pc for the thick disk, and 250pc for the thin disk, in agreement with the adopted velocity dispersions and vertical potential above. Full details are provided in Gilmore, Wyse and Jones (1995) .
The metal-rich bins are expected to be under-represented, since the sample was selected in situ, far from the Galactic plane, requiring a high minimum vertical velocity at the plane, for a given star. Metal-rich stars in general may be expected to be drawn from a population with vertical velocity dispersion of only ∼ 20kms −1 (Edvardsson et al. 1993; Freeman 1991) , so that only stars in the tail of the velocity distribution will be sampled in situ at a few kpc. That is, this sample suffers from the complementary densities, and the total disk surface density (see Kuijken and Gilmore 1989) .
25 selection bias to that suffered by the nearby-star sample, systematically undersampling low velocity-dispersion populations. Indeed, there is no significant dependence of the observed line-of-sight velocity dispersion on metallicity for either the SGP stars (typical dispersion is σ W ∼ 40kms −1 ), or the F117 stars (typical dispersion is σ los ∼ 50kms −1 ;
Gilmore and Wyse, in preparation), suggesting that the colder thin-disk stars are indeed relatively under-sampled. We can use this kinematic bias to determine the number of low vertical velocity, metal-poor stars in the local sample.
The predicted distribution at z = 0pc may be derived from these data, again once an appropriate choice of density law is made. Obviously the case where all stars are thick-disk stars, and so each metallicity bin is corrected using the same density profile, will have the same relative distribution as that shown in Figure 13 , with only the overall normalisation increased. The distributions obtained under the alternative assumption, that the metalpoor bins are dominated by halo stars, while the metal-rich bins are dominated by thin-disk stars, are shown in Figure 14 . It should be noted that the original sample has very few stars at either extreme in metallicity.
The two lines-of-sight provide independent probes of the in situ metallicity distribution, with approximately equal numbers of stars in the original samples, and in each bin, and so a composite distribution may be obtained by a simple unweighted sum.
The distributions shown are most reliable in the range of −1
we have most stars in the original sample, and for which the iron-abundance estimator is most robust (see Gilmore, Wyse and Jones 1995 for details) . This is also the range of metallicity for which there is minimal difference between the two treatments of the density law(s). Comparing to the unweighted Gliese sample of Figure 5 , the in situ sample at the plane has a rather different The distributions functions must first be matched: this should be at an iron abundance where the thick disk may reasonably be expected to dominate, rather than just be present as a small minority population. An independent estimate of this abundance may be made by inspection of the age-metallicity-kinematics relations of Edvardsson et al (1993) and of Marquez and Schuster (1994) . These show that, although there is a substantial scatter in the thin disk age-abundance relationship, there is no significant population of should be reliable here. We carry out this matching for both scalings to the plane, that assuming that all stars at z = 1500pc are thick disk stars, and that assuming the threecomponent distribution in the in situ sample. The uncertainties in the iron abundance estimates of the in situ sample are around 0.2 dex; the local sample was re-binned to this prior to the matching.
In view of the small number statistics in the local sample at low abundances, we proceed by adopting the shape of the thick disk chemical abundance distribution function as derived from the scaled in situ sample. Given that shape, we normalise the counts iteratively to provide a self-consistent match to the local metal-poor abundance distribution and the kinematic distributions shown earlier. That is, the normalisation of the thick disk distribution function is derived by allocating a subset of those stars in the abundance range three-kinematic component model is adopted. We note that it is this model which is also consistent with star count models .
That is, a matching of the local volume-complete sample of long-lived F/G dwarfs with a comparable sample, selected near 1500pc from the Sun, and corrected through density profiles and normalizations consistent with kinematic and star count data, requires we are able to derive a column-integral abundance distribution, utilising the weightings of Figure 9 above.
For completeness, we also recall the results of Wyse and Gilmore (1992) and of Ibata and Gilmore (1995) , which show that the angular momentum distributions of the halo and the inner bulge are indistinguishable from each other, but are very different from those of the thick disk or the thin disk, which are in turn indistinguishable from each other. Thus, those studies conclude that the halo -bulge system of the Galaxy is a parallel evolutionary sequence to that of the thick disk -thin disk. We summarise all these results in Figure 16 .
This shows the (normalised to unity for each distribution) abundance distribution of the Solar neighborhood halo (Laird et al. 1988) , the outer Galactic bulge (Ibata and Gilmore 1995) , the younger stars of the solar neighborhood, from Figure 6 above, the volume complete sample of long-lived thin disk stars, derived here from our composite Gliese and scaled in situ samples, the (similarly derived) volume complete sample of local thick disk stars, and the column-integral summed abundance distribution for the long-lived thin disk and the thick disk derived here from those latter two distributions. The six distributions are also presented, for convenience, in Table 3 . Figure 14 (a) of Edvardsson et al. 1993) . It is clear that age distributions are are also going to provide important constraints on theories of disk evolution. Whether these are old, thin disk stars or metal-rich thick disk stars remains a matter for future investigations.
The result that the abundance distributions of the thick disk, which is apparently exclusively old, and the thin disk overlap considerably, with the thin disk extending to abundances nearly as metal-poor as does the thick disk has implications for models of the formation of the thick disk. This is consistent with the simplest class of merger models for the formation of the thick disk only if there is substantial scatter in the age-metallicity relationship for thin disk stars at all times, even during the earliest stages. In such models the thick disk is formed during the merger of a predominantly stellar satellite galaxy with an extant Galactic disk (e.g. Quinn, Hernquist and Fullagher 1993) . Dramatic kinematic heating of those thin-disk stars already formed abruptly thickens the thin disk into a thick disk, which will also contain much of the stellar population of the incoming merging galaxy. The remaining disk gas will rapidly re-stabilise into a new thin disk, and continue its evolution. The chemical evolution is relatively unaffected by the merger, and the first newly-forming thin-disk stars will have the mean metallicity which the interstellar medium had attained prior to the merger, which will be greater than the mean abundance of the stars in the newly-thickened disk. In this class of model, substantial overlap in abundances is not a natural feature without appeal to large scatter in the age-metallicity relationship of those stars formed prior to the merger, as well as those formed after.
As part of the present analysis, we have isolated, in order to remove from our complete sample of long-lived stars, the distribution of abundances of younger stars near the Sun. This distribution is more metal-rich in the mean, and is skewed to higher abundances, than is the distribution of abundances of longer-lived stars, which will in the mean be older. Thus, there is a trend of abundance with age in the Galactic disk. Remarkably,
however, there appears to have been little or no change in the mean abundance of the old disk in the interval between about 10Gyr ago and about 3Gyr ago. In the last few Gyr the mean iron abundance has increased by a factor of about two, while the tail of the thin disk abundance distribution to metal-poor stars has disappeared. This conclusion from the present analysis is consistent with the age-metallicity-kinematic data of Edvardsson et al. (1993) , which show a turn-up in the mean chemical abundance within the last few Gyr (their Figure 14(a) ).
Identification of a large fraction of the metal-poor stars in the Solar neighborhood with the thin disk, so that their kinematics confine them close to the disk plane, means that recent attempts (including those by ourselves in section 3.1 above) to derive the column-integral abundance distribution near the Sun by kinematic-weighting of the local data will over-estimate the true number of metal-poor stars in the Galactic disk. This arises since the practice has been to identify all metal-poor stars with the thick disk, and thus necessarily use thick disk kinematics in the weighting applied to all these stars. Model of chemical evolution, the 'G-dwarf problem' seen in the fitting of the solar cylinder data is even more severe than has been suggested recently, since the true contribution of metal-poor stars to the column integral has been over-estimated in the past by the simple kinematic weighting procedure which had been adopted. We emphasise, however, that the assumptions underlying the Simple Model are inappropriate to the evolution of a part of a galactic disk, so that this deduction by itself is not a very helpful clue to improve models of galactic evolution.
A variety of recent studies have provided a determination of the Solar cylinder chemical abundance distribution taking account of local kinematics. In this study we have included data for distant stellar samples, allowing a more robust deconvolution of the high-precision but small sample local data than has been possible heretofore. Such abundance determinations are useful constraints on Galactic chemical evolution, but contain insufficient information for detailed analysis. Further progress requires consideration of the multi-variate distribution function, complementing the results of this study with both age and chemical element ratio information.
FIGURE CAPTIONS
Figure 1 (a) : The solar cylinder metallicity distribution from Pagel and Patchett (1975) . (Laird et al. 1988) ; the outer Galactic bulge (Ibata and Gilmore 1995) , truncated by them at solar metallicity; the younger stars of the solar neighborhood, from Figure 6 above; the volume complete sample of longlived thin disk stars, derived here from our composite Gliese and scaled in situ samples; the (similarly derived) volume complete sample of local thick disk stars;
and the column-integral abundance distribution for the sum of the long-lived thin disk and the thick disk, derived here from those latter two distributions. 
